The human ear is unique and auricular biometrics has been adopted as reliable aid in personal identification in forensic sciences. The ear morphometry plays a critical role in reconstructive auricular and peri-auricular surgery to reproduce an anatomically correct and esthetically pleasing ear.
INTRODUCTION
projects from the side of face and displays non uniform concavity apart from numerous elevations and depressions on its lateral surface. The
The external ear consists of the auricle (pinna) and the external acoustic meatus. The auricle osseo cartilaginous external acoustic meatus extends inwards from the auricle to the tympanic membrane. Yellow elastic cartilaginous folding gives the characteristic configuration to the pinna; whereas the lobule (an inferior part of pinna) contains only fibro-fatty tissue covered by cutaneous fold [1] . In human, external ear is an important aestheticdefining attribute of the face [2] . Malformations of the external ear as a consequence of hereditary diseases or injuries (following trauma), infection or excision of tumor, etc [3] , require surgical intervention or prosthetic replacement [4] . As such, plastic surgeons require detailed information about its complex morphology and normal dimensions to construct and to determine precisely the position and orientation of the auricular framework [5] . During legal investigations, especially in crimes (resulting in fatality) or discovery of unidentified human remains, the jurisprudence requires to gives an opinion regarding personal identification of the deceased [6] . As the morphological characteristics and measurements of external ear vary with ethnicity, age and sex [7] , ear biometrics can be utilized as an aid for personal identification of the living or deceased [8] in absence of valid fingerprints. Although many literatures have been cited on morphometry of external ear, no such study was found for Nepalese population. We carried out this study to generate the baseline data to guide reconstructive surgeons involved in reconstruction and peri-auricular surgery reproduce an anatomically correct ear.
excluded from the study. All the students were briefed about the purpose of study and informed and written consent was obtained. right and left ears was not significantly different (p>0.05).
RESULTS
A one way ANOVA (Analysis of Variance) test was performed to compare the impact of age on measurements (EH, EW and LH) of right and left ears. The test revealed that the effect of age on EH was statistically significant on both right and left sides and that on LH only on left side among all three age groups (p<0.05). Posthoc analysis using Hochberg test indicated that the mean height of both right and left ears and that of left lobule for group 1 was statistically greater than group 3, whereas, Group 2 did not differ significantly from either group 1 or 3 (p<0.05). Kruskal Wallis test was conducted to determine the influence of age on LW. The width of lobule among the different age-groups on the A result of One way ANOVA showed that the influence of age on mean ear measurements (EH, EW and LH) was statistically non significant in both sexes among all three age groups (p>0.05). However, it has been detected that mean EH increased with advancing age in overall participants, the mean height of ear for group 3 (6.09 cm) being statistically greater than group 1 (5.78 cm), whereas, Group 2 did not differ significantly from either group 1 or 3. Likewise, no significant difference was noted in mean LW in both males and females (p>0.05). There was a significant difference in length of ear between males and females on both sides, the ear being longer in males than females (p<0.05). Likewise, EW was statistically greater in males compared to females on both right and left sides (p<0.05). Result also indicated that there was no significant difference in LL of right ear, however, the mean length of lobule was higher in males than in females on left side (p= 0.007). Mann-Whitney U test revealed lobule was significantly wider in males than in females on both right and left ear (p<0.05). [3] . Moreover, malformation of an external ear may be an outcome of genetic disease or injuries due to environmental factors such as trauma, infection, radiation, etc [3] . The auricular deformity is esthetically unpleasing and imposes social rejection and solitude, adversely affecting the physical and mental growth of a person. Otoplastic surgery can correct a congenital auricular infirmity or can treat deformed ear (caused by injury) [4] . Hence, a detailed knowledge of morphometric parameters of various auricular landmarks in different gender and age groups has become paramount for precise plastic reconstruction [5] . Sharma et al found that the linear ear dimensions increased with advancing age [11] . To add to it, the auricular growth ceases at 13 years for males and at 12 years for females [12] .
McKinney et al conducted study on 100 volunteers and discovered no significant correlation between LH and aging [13] . In a study by Deopa et al, the mean EH, EW, LH and LW were shown to increase with age on both sexes [14] . Brucker et al analysed the age related changes in ear morphometry in three age groups (18-30 years, by disproportionately enlarged and wider ear; whereas low set narrow ear is often seen in Treacher Collin's and Jocobsen syndrome [3] . Likewise, variations do occur in normal populations as well. Deopa et al found no significant difference in mean EW of right and left sides in both males and females [14] ; whereas, mean EW was more on left ear (32.25 mm) than on the right (32.04 mm) in male subjects in a separate study carried out by Sadhacharan [15] . In the current study, mean scores of EW for females were 3.06 cm and 2.97 cm on right and left sides respectively and those for males were 3.44 cm and 3.25 cm on right and left sides respectively, the difference being statistically significant in both sexes. Aging in human is characterized by elongation or ptosis of ear lobules which is a result of gravity and depletion of elastic fibres [16] and is worsen by an extra weight of earrings in females [17] . The mean LH was more on left ear (1.69 cm) than right (1.67 cm) in both males and females and showed no significant difference [15] . On the contrary, in the current study, lobule length was greater in right ear (2.97 cm) than left (1.74 cm) in females; no significant difference was observed in males (p>0.05). Furthermore, the difference of LW between right and left ears was significant in males and overall participants, the width of left lobule being greater than that of right. This findings do not match the findings of Doepa et al [14] . The findings of many studies are supportive of the fact that ear measurements exhibit sexual dimorphism and the differences between the sexes are statistically significant with a higher value in males [2, 18] . The differences in linear ear measurements between males and females may be due to auricular expansion which occurs earlier in males compared to females and continues till it reaches maturity [2] . In regard to gender difference in various measurements of ear (EH, EW and LH) on right and left sides, the present study showed significant difference in EH between males and females on both sides, the length of ear being greater in males than females. Conversely, no sexual dimorphism was observed in EH in a survey conducted by Sharma in both right (p=0.13) and left ears (p=0.37) [19] .
In the study, Sharma also revealed that the EW 31-45 years and 46-65 years) and noted significant differences in EH and LH, which increased from age group of 18-30 years to 46-65 years in both sexes while the LW significantly decreased with age for females only [2] . In contrary, in the present study, the impact of age on the mean values of EH, EW, LH and LW was not significant in either males or females among all three age groups (17-18 years, 19-20 years and >=21 years). However, the mean EH increased with advancing age in overall participants, the difference being more pronounced between age group of 17-18 years and 21-22 years. In a similar study, Sharma et al analyzed the LL in 260 males between 1 and 80 years of age in North East region of India and found that maximum length of lobule increased appreciably between 6-15 years and 41-80 years of age group. On the other hand, the LW showed major growth up to the age of 15 years and was almost static between the ages of 16 and 40 years and then again progressed from 41 years onwards [11] . Their findings with regard to variations of LH and LW in right and left sides do not fully conform to our study in which LH increased from age group of 17-18 years to >=21 years only on the left side and no significant differences in right LH and left LW were observed among all three age groups. Sadacharan in 2016 surveyed 100 students emphasizing the clinical implications of ear morphometry in personal identification in forensic and repair of traumatic ear in cosmetic surgery and discovered mean EH of 60.27 mm and 60.29 mm on right and left ear respectively in males and 54.52 mm and 54.54 mm on right and left ear respectively in females [15] . In our study, the mean values of EH for females were 5.74 cm and 5.72 cm on right and left side respectively and that for males were 6.20 and 6.18 cm on right and left side respectively. These values, however, didn't differ significantly in both sexes. This finding is similar to the result of Deopa et al who observed the mean EH of 6.04 cm for right ear and 6.03 cm for left ear in males and 5.74 cm for right ear and 5.77 cm for left ear in females [14] . Abnormally wider or narrower ears are the orofacial manifestations of some genetic diseases. Fragile X syndrome is characterized was more in males (2.89 cm) compared to females (2.81cm) on right ear and the difference was insignificant on left ear [19] . Whereas, in the present study, the ear was wider in males than in females on both sides. Additionally, Sharma found that both LH and LW of right and left ears were higher in females than males [19] which does not relate to the result of our study in which LW of both ears and LH of left ear showed sexual differences, the measurements being higher for males than females. There was a difference in the values of ear measurements between our study and other authors and this breach could be a result of factors like heredity, race, age and human errors in collecting data. The present study was undertaken in students of MBBS first and second years with no significant age variation. Hence, age related changes in ear measurements were not appreciable. As the sample size was small comprising of 192 students with no consideration of race and ethnicity, the result of the study may not be generalized to overall Nepalese population.
This study provides mean values of different morphometric measurements of right and left ears in medical students of 17 to 22 years old in both sexes. This may act as a baseline data to guide reconstructive surgeons reproduce an anatomically correct ear. It will also be useful for ergonomic design of hearing aids and auricular prosthesis and will assist the forensic pathologist in the identification of a living or deceased individual.
CONCLUSION

